Abstract. The specific activity of primordial radionuclides ( 238 U, 232 Th and 40 K) in the sediment sand of different depth-wise samples in Cauvery and Kollidam rivers in Tiruchirappalli district, Tamil Nadu, India, were estimated using NaI (Tl) gamma ray spectrometry. The mean activities of the radionuclides of all the sediments (depth-wise samples) were 10.4 Bq.Kg -1 , 22.65 Bq.Kg -1 and 310 Bq.Kg -1 respectively. The average amount of dose rate was 30.28 nGyh -1 which is less than the value of 55 nGyh -1 proposed by UNSCEAR. The calculated mean value of radium equivalent lie below the recommended limit of 370 Bq.Kg -1 given by OECD. The exhalation rate of radiogenic gases, radon and thoron from the daughter products of the radionuclides were estimated using SRM radon monitor and RAD-7 detector found to be lie within the recommended limits. From the analysis it is suggested that the sediment sands do not pose any radiological significance to the public and can be used for the construction purposes along with other building materials.
INTRODUCTION
The ionizing radiation present on earth's crust and radiation from cosmos, enter the human body by ingestion and inhalation. The activity concentration of radionuclides are mainly due to series radionuclides 238 U, 232 Th and their progeny along with a non-series radioactive nuclei 40 K that constitute the terrestrial primordial radionuclides. They have half-life of about hundreds of millions of years. The concentration of these radionuclides depends on the hydrogeological, graphical climate and conditions. The expose of these ionizing radiations is responsible for the total radiation dose to the public (Alencar and Freitas, 2005) . The natural radionuclides contributes 87 % of the radiation exposure to the human beings as it depends on the mineralogical properties of the soil, rocks, sediments and the remaining is due to the anthropogenic activities (Kannan et al., 2002 , Ghosh, 1978 . These radioactive materials are as an indicator of radioactive accumulation in the environment. Plenty of researches have been done to understand the correlation between heavy metals present in sediments and distribution of radioactivity on environment (Kathren, 1991 , Saad et al., 2002 , Babel and Kurniawan, 2001 , Ramasamy, et al., 2009 ). The estimation of natural radionuclides provides an interest to know the back ground radiation data to establish a reference level of radioactive material released in the environment.
River sediments bear the mineralogical properties of rocks as they are the detrital products of rocks and these sediments provide a significant radiation exposure to the population. The estimation of radionuclides in the sediments have been carried out as the sediment would act as a medium to migrate the natural radionuclides to the biological system when they are used with other building materials (De Meijer et al., 2001 , Degerlier et al., 2008 . The decay series of both uranium and thorium produce a noble gas namely 222 Rn and 220 Rn respectively (Komal Badh et al., 2010) . Radon gas being chemically inactive enters the indoor from earth based building materials, poor flooring in dwellings, and environmental conditions (Monika Gupta et al., 2010) . Radon gas gives nearly half of the radiation to the public (Ferlay et al., 2007) . The daughter products of radon such as 214 Po and 218 Po produce significant damages to the tissues due to the emission of alpha particles (Predrag Ujic et al., 2010) . The effect of indoor radon and its concentration that affects the human beings were estimated by a number of researchers throughout the world (Marcinowski et al., 1994 , Bochichhio 2008 , Manousakas et al., 2010 . Hence the assessment of radioactivity provides the information about the environmental contamination in the sediments to the public.
The present work is to determine the concentration of 238 U, 232 Th and 40 K in the depth-wise sediments collected at various locations along Cauvery and Kollidam rivers in Tiruchirappalli district by NaI (Tl) gamma ray spectrometry. The absorbed dose rate and the radiological hazard to the public are calculated from the estimated values of radionuclides. By using radiation detectors the exhalation rate of aerosols are determined and the obtained values can be used as a baseline data for the study area. The data obtained is to evaluate the possible future radiation contamination, its impact and assessment.
MATERIALS AND METHODS

Sample preparation
90 samples were collected at 30 spots with each spots carrying 3 samples of different depth (upper surface, 1st foot, 2nd foot). The collected samples weighing of approximately 500 gm were dried in an oven to about 120 0 C for 2 hours to remove the moisture content. In order to prevent the escape of radioactive gases (radon and thoron) the dried sediment samples were sealed in an impermeable air tight plastic container of standard measurements (≈ 9 cm in height and 6.5 cm in diameter). The net weight of the packed sample was measured and left undisturbed for a month to attain secular equilibrium between 226 Ra, 222 Ra and its decay products before counting by gamma ray spectrometry. As there exists a secular equilibrium in the natural radioactive decay chain, the gamma ray energy of 214 Bi (1.76 MeV)and 208 Tl (2.6 MeV) were used to measure the activity of 238 U, 232 Th respectively and the activity of 40 K was measured from 1.46 MeV. The radioactivity of primordial radionuclides 238 U and 232 Th and 40 K in the sediment samples are estimated by using NaI (Tl) doped gamma ray spectrometer. The size of the detector is 3"x 3" and its resolution is about 7.5% at 662 KeV. To reduce the background radiation 15 cm thickness of lead is shielded. Using PC based multichannel analyzer (Nucleus PCAII) the output of the detector is analyzed. The gamma ray spectrometer is calibrated using standard materials from International Atomic Energy Agency (IAEA) for Uranium (1997.56 Bq) , Thorium (1237.28 Bq) , and KCl (5181.59 Bq).
Study area
The geographical co-ordinates of the present study area extend from latitude N-10°57", E-78°12" to N-10° 52", E-78° 54", that covers an area of 83 km in the district. The sampling sites are shown in Fig 1. The river is wide with sandy loam at the starting point (S1) in the district and becomes narrower and ends at Koohur. Kudamuruti being a polluted river in the district joins Cauvery at the location (S16) and the river has two reservoirs namely Mukkombu and Kallanai and a check dam at Kambarasampettai. 
RESULTS AND DISCUSSIONS
Estimation of radionuclides
The radioactivity concentrations of the sediment samples of upper surface, 1st feet, 2nd feet are given in Table 2 . Table 3 shows the average, minimum and maximum amount of radionuclides, dose rate (D) and radiation hazards (Ra eq ) with depth wise samples in the sediments. Table 4 portrays the amount of dose rate (D) and radium equivalent (Ra eq ) in depth wise samples. The activity concentration of the radionuclides varies from site to site and even along the depth wise samples at a site as it depends on the geographical climate and conditions, variation in chemical and mineralogical properties and presence of rare earth metals at the bottom of the river (Krmar et al., 2009 respectively for the depth-wise sediment samples. 0The activity concentration of thorium in the samples at the locations A 9, A 22 shows BDL and A 21 has a maximum value in the top layer. At the site A 45 the value is low and at A 47 there exist a maximum concentration of 232 Th in the 1 st feet samples. The concentration at A 83 has a maximum value and a low value at the site A 89 for the 2 nd feet samples. The concentration of thorium is found to be greater than uranium as it is insoluble and has low geochemical mobility in water (El-Taher and Al-Zahrani, 2014). These ions are retained by the clay particles present in the sediments (Saad et al., 2002) . 
Absorbed dose rate (D)
The river sediment sand is used for the construction purposes along with other building materials. The activity of radionuclides contributes to the absorbed dose rate in air and can be calculated from the formula given by (Beck, 1972 
Estimation of thoron and radon
The exhalation of thoron and radon from the sediments are given in Fig 2 and 3 . Since the presence of radionuclides is very less in the present study area only a few of the samples show exhalation rate greater than the minimum detection activity (MDA . The values obtained are of low when compared to the international standard values and hence the radionuclides and its progeny does not cause any significant radiation to the public (UNSCEAR, 2000).
Radium equivalent (Ra eq )
In order to obtain a safe conclusion of the sediments to the health status by radiation, radium equivalent activity has been calculated. The radon emanation depends on the radium equivalent and also moisture content, porosity and other environmental factors (Heaney PJ, 1994) . Internal dose due to radon and its progeny are related to the external gamma ray dose by radium equivalent. For the sediments to be used for the construction purposes Ra eq should be less than 370 Bq.Kg -1 (Beretka and Mathew, 1985 
CONCLUSION
The activity concentration of radionuclides obtained from gamma ray spectrometric analysis in depth wise sediment sands along the cauvery and kollidam rivers have been determined. The mean activity concentrations of the radionuclides are low when compared to the world average and Indian average values. The total annual dose rate and radium equivalent calculated from the specific activity are low compared to the recommended values given by radiation protection 112 (EC, 1999) . The estimation of radon and thoron in aerosols by RAD-7 and SRM radon monitoring detector in the samples are all below the criterion limits. Hence the sediment sand has no health implications for the inhabitants and it can be used with other construction materials. From the data obtained the environmental radiation is low and has produced no significant cause to the environment.
